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Plants have stomata, mouth-like pores on their surface, to adjust to environmental changes such as
temperature and humidity to ensure optimum physiology and metabolism. A new study adds a key player,
SERK, to the signal-sensing apparatus to inform where stomata are to be formed on the leaf.Stomata are apertures on the aerial
surfaces of plants that control the uptake
and release of water vapor and gaseous
exchange in response to environmental
conditions and endogenous signals.
These apertures are formed by two guard
cells (Figure 1A), which also control the
opening and closing of the pore. Possibly
as a strategy to adapt the physiology of a
sessile lifestyle to advantageously
co-exist with an ever-changing
environment, plants have evolved an
elaborate mechanism to regulate how
stomata are positioned on the leaf
surface, avoiding over-crowdedness
and following what is referred to as the
‘one-cell spacing’ rule, which prohibits
the differentiation of two adjacent cells
into stomata (Figure 1) [1,2]. A cell
surface-located signal receptor complex
controls stomatal patterning. It comprises
one of three related receptor-like kinases
(RLKs), ERECTA (ER) and ERECTA-LIKE
1 and 2 (ERL1, ERL2), and a signal
modulator, TOO MANY MOUTHS (TMM).
Several related peptide molecules,
EPIDERMAL PATTERNING FACTORS 1
and 2 (EPF1 and 2) and EPF-like
STOMAGEN, differentially bind to the twocomponents of the receptor–modulator
complex to regulate its signaling capacity.
A cytoplasmic MAP kinase (MAPK)
cascade, composed of the MAPK kinase
kinase YODA, the MAPK kinases MKK4/
MKK5 and the MAPKs MPK3/MPK6,
control the nuclear activities important for
stomatal patterning. The functions of
several transcription factors with names
befitting their key roles in defining
stomatal patterning — SPEECHLESS,
SCREAMs, MUTE and FAMA (goddess
of rumor) — have also been thoroughly
characterized. Recently in Current
Biology, Meng et al. [3], in an extensive
series of genetic and biochemical
experiments, demonstrate that SERKs —
SOMATIC EMBRYOGENESIS
RECEPTOR KINASES — are part of the
signaling ensemble that regulates
stomatal development in Arabidopsis
(Figure 1B). This discovery not only further
elaborates the regulatory network that
underlies one of nature’s most intricate
designs, but also underscores the
functional versatility of SERKs, which are
known to play central roles in diverse
processes, including steroid hormone
brassinolide-regulated development,male gametogenesis and immune
response [4].
The first indication for Meng et al. that
SERKs might be involved in stomatal
patterning came from the observation that
overexpressing the effectors AvrPto and
AvrPtoB, from the bacterial pathogen
Pseudomonas syringae, induced
excessive clustering of stomata in
Arabidopsis, violating the one-cell
spacing rule. AvrPto and AvrPtoB are
known to target BAK1 (Brassinosteroid
insensitive 1 (BRI1)-Associated Kinase,
also named SERK3), which interacts with
FLAGELLIN SENSING 2 (FLS2) and acts
together with FLS2 as a receptor–
coreceptor pair to mediate immune
response. BAK1 is also a coreceptor in
BR signaling, interacting directly with the
BRI1–BR receptor ligand complex [4]. The
multi-tasking nature of BAK1 therefore
further sets the stage for SERKs as
also playing a key role in stomatal
development. Using a large number of
loss-of-function SERK mutants, Meng
et al. systematically examined the
contribution of each of the four functional
SERKs in Arabidopsis — SERK1, SERK2,
BAK1 and SERK4 — to stomatal
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Figure 1. SERKs are novel partners in the ER/ERL RLK-controlled stomatal patterning
pathway.
(A) Stomatal pattern on a leaf surface. A small number of progenitor cells for the leaf epidermis (inset)
undergo the guard-cell differentiation pathway, producing precursor cells (white arrowheads) that
further differentiate into paired guard cells (red arrows), positioned according to the ‘one cell-spacing’
rule, separated by neighboring pavement cells. (B) The EFP-signaled ER/ERL-SERK–TMM-regulated
stomatal patterning pathway. The red arrows and dots indicate transphosphorylation of the kinase
domains of ER/ERL and SERK by each other. Orange arrow indicates declining contribution by
individual SERKs to this pathway. Arrows on the right denote differential SERK participation in various
signaling pathways. CM, cell membrane; NM, nuclear membrane.
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Dispatchespatterning. They observed that of the
fourteen single, double and triple serk
mutants examined, only the triple mutant
serk1-1/serk2-1/bak1-4 showed
disrupted epidermal patterning. The triple
mutant had clustered stomata and a
stomatal index (% of stomata per total
number of epidermal cells in a given
cotyledon or leaf surface area)
significantly higher than that observed in
wild type (45% vs. 30%). This
phenotype mimicked but was weaker
than that induced by AvrPto and AvrPtoB,
or than a previously reported triple loss-
of-receptor mutant er/erl1/erl2. These
results indicate that SERK1, SERK2 and
BAK1 redundantly regulate stomatal
patterning and also suggest that SERK4
might also contribute to the process.
To explore the contribution by SERK4
and to resolve potential differences in how
each SERK contributes to stomatal
development, Meng et al. generated a
viable quadruple mutant serk1-1/serk2-1/
bak1-5/serk4-1 — bak1-5 being a
previously described semi-dominant
allele that differentially affects various
BAK1-regulated signaling pathways [5].
The quadruple serk mutant indeed
showed an elevated stomatal index close
to that observed in the triple er/erl1/erl2
mutant. By assessing the fact that loss of
BAK1 function is consistently required to
induce stomatal phenotype in any of the
higher-order mutants examined, and
considering the severity of phenotypes in
different mutants, Meng et al.were able to
conclude that the four SERKs redundantly
but unequally contribute to stomatal
patterning (BAK1 being most important,
followed by SERK2, SERK1 and SERK4;
Figure 1B). Meng et al. further showed
that application or overexpressing EPFs
(peptide signal molecules) could not
reverse stomatal clustering in serk1-1/
serk2-1/bak1-5, whereas expression of
constitutively active YODA or MKK5
effectively rescued or reversed its
stomatal patterning defects. Moreover,
the triple and quadruple serkmutants also
displayed whole-plant and reproductive
defects similar to those in er and er/erl1/
erl2 mutants. Together, these genetic
studies convincingly support interaction
between the SERK and ER family
RLKs throughout the plant life cycle,
and SERKs function downstream of
the EPFs and upstream of the
MAPK cascades in the EPF andCurER/ERL-controlled stomatal patterning
pathway (Figure 1B).
Meng et al. also established
biochemically that SERKs interact with
both extracellular and cytoplasmic
domains of the receptor complex in
the stomatal patterning pathway.
SERK1, 2, BAK1 and SERK4 all
co-immunoprecipitatedwith the receptors
ER and ERL1 in an EPF ligand-dependent
manner, whereas their associations with
the modulator TMM was independent of
EPF ligands. In vitro protein pull-down and
phosphorylation assays also showed that
the kinase domains of BAK1 and ER
interact and transphosphorylate each
other (Figure 1B).
The Meng et al. study also furthers the
evidence for multiple and diverse
functional roles for SERKs. It is clear that
subsets of SERKs play partially redundant
roles, but there is considerable functional
specificity for individual members
contributing distinctly to various pathways
[4]. For instance, SERK2 was shown by
Meng et al. to be essential for stomatal
development, while it was previously
established that BR signaling does not
require SERK2 [6]. Moreover, several
bak1-5 containing double and triple serk
mutants that displayed stomatal
patterning defects were all normal in
BRsignaling,whereas abak1-4 containing
triple mutant was deficient in BR signaling
but normal in its stomatal pattern, furtherrent Biology 25, R827–R844, October 5, 2015 ªindicating that processes requiring SERK
input are not necessarily functionally
coupled to one another [4].
Taken together, the results reported in
Meng et al. provide compelling evidence
for a novel functional role for SERKs as
co-receptors in the signaling ensemble
responsible for stomatal patterning. First
identified as a protein marking somatic
cell competence for embryogenesis and
expressed in early zygotic embryos in
carrot [7], SERKs have emerged as an
indispensable family of regulators with
critical roles in multiple distinct but
important processes in plant
development and defense. While new
roles are still likely to be discovered for
these RLKs, the stage is well-set for
dissecting how individual SERKs, often
co-expressed, molecularly differentiate
target components in one signaling
pathway versus another, and how these
physical interactions translate into
biochemical activities to regulate distinct
cellular functions.REFERENCES
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What selective forces contribute to eye loss in cave animals? A new study shows the eye and optic tectum of
a cave fish consumes5–17% of the total energy consumption, emphasising that selection to reduce energy
consumption may drive eye loss.Darwin [1] once described animals
inhabiting caves as the ‘wrecks of ancient
life’, but long before that they were
attracting attention for their suite of
seemingly bizarre features commensurate
with a life lived in darkness [2]. These
features include the acquisition of long
‘feelers’, such as antennae or whiskers,
and the loss of pigmentation, but it is the
loss of eyes that has attracted the most
interest. How and why do cave-dwelling
animals lose a feature that is seemingly so
useful? Darwin [1] had an explanation: ‘‘As
it is difficult to imagine that theeyes, though
useless, could be in any way injurious to
animals living in darkness, their lossmay be
attributed to disuse.’’
Post the New Synthesis [3], this can be
rephrased to state that in the darkness of
the cave there is no selection pressure to
retain eyes, so mutations accumulate that
lead to eye loss. Yet this explanation is
founded upon the assumption that
retaining eyes is in no way injurious to
animals, which in turn depends upon one’s
interpretation of ‘injurious’; a trait need not
be overtly deleterious to be injurious.
In the case of the eyes, energy
consumed by the retina and central
nervous tissue that supports visual
processing is the key consideration.
Numerous recent studies have shown
that energy is consumed not only duringeye development but also in their
maintenance, operation and carriage
(reviewed in [4]). Energy consumed in
these processes cannot be used for
others, and consequently may be
‘injurious’ to both survival and
reproduction, suggesting that selection
to reduce energy expenditure could lead
to eye loss in cave fish [5].
Whether the energy consumed in
building, maintaining, carrying and using
an eye is sufficient to account for eye
loss depends upon the amount of
energy consumed by these processes.
Because energy consumption can vary
considerably among neurons, even within
the same nervous system (for example
[6,7]), these processes must be quantified
to permit an accurate assessment of
whether vision imposes a substantial
energetic burden in surface fish that would
be alleviated through eye loss in cave fish.
To this end, Moran et al. [8] recently
quantified the energy consumption of the
Mexican tetra, Astyanax mexicanus, a
species that includes both cave-dwelling
and surface populations whose biology
has been investigated extensively (for
review see [9]).
Moran et al. [8] compared surface fish
with eyeless fish from Pacho´n cave,
intermediate fish from a second cave,
Micos, and Pacho´n/surface F2 hybrids.Fish from these populations all reach
similar sizes, and have similar growth
rates and activity [10,11]. The authors
extended these comparisons by
measuring the relative mass of various
organs, a crucial first step to interpreting
differences in energy consumption. The
relative mass of heart, digestive system
and gonads were similar; however, the
gills of Pacho´n fish and Pacho´n/surface
F2 hybrids had greater relative mass than
either the surface or Micos fish [8]. They
suggest that this difference may be linked
to periods of hypoxia, which are known to
occur in cave environments.
Clearly, surface fish have larger eyes
than their eyeless Pacho´n counterparts,
but their eyes were also relatively larger
than those of the intermediate Micos and
hybrid fish [8]. This pattern was repeated
when Moran et al. [8] measured relative
brain mass, which was 30% greater for
surface fish than for fish from the other
populations including Pacho´n. For both
the surface and Micos fish, brain mass
increased with eye mass, the larger eyes
of the surface fish correlating with their
substantially larger brain mass, implying
that a substantial proportion of the brain is
devoted to visual processing.
Using an oxygen electrode, Moran et al.
[8] measured the oxygen consumption of
the brains of surface fish and those from
